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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a micro structural 
body having an oscillating element which is vibration freely 
supported by a torsion spring that is comparatively easy to 
twist and difficult to bend in a direction that makes an angle 
for the axis of twist. ... 
SOLUTION: The microstructure has a substrate 120 and at 
least one oscillating element 130. The oscillating element is 
elastically and oscillation freely supported by at least one of 
torsion springs 1 22 and 1 24 for the substrate 1 20. The 
- torsion springs 122 and 124, in which the cross-sectional 
shape of a plane perpendicular to the long axis of the spring 
is rotational symmetry, composed of a combination of . 
substantially flat shape parts which are so placed that the 
most flexible direction may cross. 
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«±, '?-iO:g«|{CllB:^®c7)||lffflJ^*<|5I!|g*=^j^:ycT'S> 
*ti|Sf*»4»«§^:i:^1^fc-tSM^l *7t:{i2fclB« 

[if*^5 3 iinBffig. Sift*, h-^- 3 ^xr u yjj^ 

\.mm^h\ (1 00) £^u3y^*>'fflv^^>tt. 

■^m^^tix. ^<7i*rm^m-ri>m ( i o o ) i^u r? v 
^^ic^trs.^®*^; (Ill) mx'h^zb^^mt 

xru >;/<7)#it«aJo^ha^at--i.^ (100 v-u 
sffij^* (111) mz'h?>:Lt^^ 

[ W^JS 1 0 3 Hiris I — 3 yxyv >-^'<o«lKiTffij^ 

^ **X^4^. Ni$=«^, ^V^{iS^-C3b 

[ff*jsi 1 3 ttri2h— 1^3 ^'xyv yy<7)n^i}m-ij 

•r Sit 1 1 0 coMtL*Hc:iB«<7) v-< ^ umm. 
[^^^ 1 2 3 HfriBis»)#:*^-or^> 0 . mmi,z^->x 
tmmm^msxmzn lx wm(ii,z^mmm<Dm 0 



mil <50Mix*H^IBK(7)v^ ^' oflUSit:. 

[fi^Ji 1 3 3 Hfnfis»»#:A<i^T'$> •) . wm.<r>wm 
m'^Tjx^^i.zwm.^ix, ^mmK ^m.mzi^^x 

<^mimL\Amimmf,znLxw'mt,zvi^mrmm.(r) 

^ 1 TM 1 1 «OMiX3&HciB®<7)-7 ■< 9 ummW. 

immm 1 4 3 ifiiB«-i£isi*«5v^fcft«^figuTffiifc 

Clf^l 5 3 «riB«JK3&J9 OSTfcl.Ci: ^wsit-r 
1 4 fciB«{c7)-r 7 ofilitfifc, 

1 6 3 mimmm''mi.x'h 0 . is^mosK 
ft. Mhnm<7ymfimii'mm^tzh~i^ g >';;?.r y 

1 ;'bM 1 1 cT^Ma^HclBmoV'f afilitfils. 
[ft^ 1 7 3 ii*3S 1 Jbm 1 6 «OMii*HclB««Ov>f 

ummi^ t . HifiBs^ t H!nBfii»)«tc7);ts*r^-{as:!j4aj 

[»^« 1 8 3 W^JI 1 nm 1 6 <om*»lc|B«OV-f 

i?a«itf4si:, mimv}i^i:mmm.iznLxnnmiz 
[11*311 9 3 mmm^mK H^nri:, ms^^ 

[if*^2 0 3 1 Jbm 1 6 cOMix*HclBiftOV^ 

D^^^cfc , misMmii^imim^i^zMLxnnmz 
mjt^mm^^b . mmmmzmf^tifzytmt^ 

c 11*31 2 1 3 mmm^WiK s^nrt . Kis^n 
r $rjgini-r5 rj>f , BfriBSW^stc^-^sn/c^ifia 

IS*3S2 0 tciBKcOvf j?0:)liWr^S, 
t^XhM>Zbt:mLb^m^^2 0^fcii2lizii 
[ii*3S2 3 3 it*^2 07!;S2 2 c^M^i.*HciBK«o-7 

^mi:^-tt z b trmmb^^^^^y-u xri^^ , 

Cii*3l2 4 3 M^^6Jbm8cr,iSStL^Hziin<7)-7^ ^ 
n«itfistfOS3t:^ST'*> (100)S/yrj 

iI€:B'jlBSi&^*c^ 1 — v-3 yx:7*y >'^i7)^®icfEtT 
^N-^-xv^^i,XSi: . mrlB .( 1 0 0 ) y a 
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[ft ^312 7 ] BfriaS:K*«i/ U 3 ymiTh^Z t Sr# 

«ai:-r^it*:^2 6tcfe«cov-f ^ammt^com^:;} 

S-Sft-t&XgSrIgfc-i-tfC: t Sr#Si:-rsiS*3B2 4 
[000 13 

[00 02] 

[ 0 0 0 3 ] W® 0 (cfil!!rri>gP«^*-r^3K«f6lt5c^ 
ta!*MSrSiH8-t-S. E2 5<i:, 7i^ll#itll4 3 17 6 1 

ii[filS$:^ML-C^L-tE-CS.I.. t.fz. Il2 7i;ia 
' 28{i, ^n-fft. E2 5<73^ISll0 0 3fcl0 06 
tcfett^i'Unv^^Kl 0 2 OcDBrMESr^LTv*^, 
- [0004] ±ie3te«|o)SlcfcV , <o ^ 

hW^\ 0 1 OfcJi. IHi;^<^gPl 0 1 2*JJg^§ixT(.^ 
•5. la^^^SKl 0 1 2(50JS«Ptc{i, — *tO®a?g6il 0 1 
4, 1 0 1 6i3j:t/f57-^j^l 0 3 2*^ffia$fxr 

v^i.. i^yn^'S^i 0 2 ofcti, I — ^-s^-yN'— 10 

22. 10 24i:S9-10 3 0ji(*— #:^^Jg«$^^TV^ 

■S. 5 7- 1 0 3 0{i, ^ffi(;r3t<:0Sat^O»i%?^««>' 
3— x-f >'i?'§itTt5'9, h-i^3 WN'-l 022. 1 
0 24tCj:'9filftai{c^§tl.t:v^S. -etT. i^U 



3>'^1 0 2 0«. lEijliffil 0 14. lOietHlf 
^«OSBiS:«oi 3fc:««il 0 l 0±lc*f«:iES:&*lT 

[0005] dC-C. i^U^yji^gl 0 2 0{S. 'BmW 
IcS^^^tTl^S. t^oT. SSft^l 0 14. 10 1 
6 tC^SlcmffiS: EpjD-r f. ^ i: T' . 5 7 - 1 0 3 6 tc^ 
«?ttSrf^ffl§-a:T. 55-1 0 3 0^^->'3y>'^'- 
1022. 1 0 24<7)«fatc7)|lIi)(cS|l&$-fr'5*t&. 

[0 0 06] h— >'3>'n'-10 2 2. 10 24<OBrffi 

(r)W^j:M®W^<D I — 3 » N'— 5r W-^-?. V ^ oflfit 
[0007] ^(Tifzisb, ^KTm^^^^^^^t^My" 

[0 0 08]^c:t% h->'^yj<-t:m^^z<<'th 

10th International Conference on Sol id-State ;Senso 
rs and Actuators (Transducers ' 99) pp. 10O2-iO05ti 

xw^Tn^ixtz^^— H-r -f x^^-y vm-Jy^^-ivx-hh , 

y<r>^l>zn^n\'fh1x. jaS^^-yKfcn-;Pi:e-yf- 

/P2 0 2 0«i:. l*HltCD-;Ph-i^3>'y\— 20 22. 
2 0 2 4T'IillKgit^l^$iX/c3at<*2 0 3 1 
•CV%S. iJt. ^«!'2 0 3 10F«g|B!lt={i. tr.yf-1 — 
>'3WC-2 0 2 6. 2 0 28X'MmUMz^^fifz 
^•yV^^2 0 3 0imm.^ixX\<^h. a-;Ph->- 
2022. 2024J:e«y^l — S^gWN'— 2 
0 2 6. 2 0 2S<^i3i\:.ixcnmm29<m.-^'thmU 

f*:2 0 3 0cOa-;Ui: h'-y^cOWg; SrfflS tTV^^, 
[0009] 03O{±. 02 9tf<?)«JBfll2OO6tCi3 

(tsufMiarS)?), ii3otc^-rj:atc. N-xav^^ 

-2 0 2 2<^»rB?g^(iT^J^i&L-CfcO- t-fz. 
W<;1'2 0 2 0{iU ySr^r-tSfilJtfc^o-CV^S . 

[0 0 1 0 ] H3 1 ^fflv^T. ^'Jyf<-)V<r>^/mJM^ 
mmth. 3fe-r. MK0ffli^U3>>>x/N-2O9 1 

ICP-RIE (f^^-^T5Xv-KiE1±>f:^yxv^ 
>'^) OiO^X y^y^ffi^fflV^T. aiSX-yf-V^^ 
Srffd (a), ClcoSBXOffli^y nv^^xyw 2 0 9 1 

>'N-2 0 9 i«o±fc. i^un^^K-fLjgt yyK'fb^y^x 

*><i'5r^^f4«2 0 9 2$-figM-rS (b) , i^V^•C. « 
Jat*:i:^§;K'Ji'Ua>-«2 0 9 3$-^-f- •!> ( c ) , 

-?-LT. :i(r>:^^)i^^)-3>m20 9 3<7>^-<-*f——yyi: 
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ffd (d) . mkiz. mtm2092i:m^L. n-?- 

-Vy^M-zf-^ ', K 2 0 9 5 (c:x;K=^f >'^Bi2 0 9 4T' 
*^yi^U3i^«2 0 9 3Srg?«-r-S (e ) . 

[00111 z.<m!i.z\^x^m^fi.tzT^mi:^'^h 

tt5:«-t-i.h->'3 WN'-tJt^T. »r®~<?:®^-^ 
y h J m^^^^i> 0 ic, Bfffi-ac^:-^ y h I 

ia 3 >r 7 ^ r y X ^ssffi t^** 'c> . 

tixc7)WiKSl:^:^r[6l(w{ii3't4c7)i« ^ h-i^ a y^'s'— 
(00 123 *7t, '^^rnyr^^ryx^ft^^at 

[0 0 1 33 Cia LT. ^<7)T^Br®«:^*h-i^3 
[00 143 

[?6BB3&*ftl^tJ:^i:-rsg|IS] L*»L. ^<ov>f:7n 

*^ ^W^<rym^-i}^h-fixr: t * -p . c: cod 1 5r , 0Sr 
^fflLTSiSB-r-i.. 112 3fi, -SBS-H^^iXTtT^Bf 
fflc7)h-i^3 >'^<-9 2 2c7)ffe^fcfi||!j«s9 3 OA^Sfif 
Six-CV^|,^^^L-CV^|,. gi^c. 132 4(i. 02 3 

<n^m5m)^(^^fzmwm:^\^x\^h . 112 4 1^-^ 

idtc, T^«lrffl«0h->'3y>'N'— 9 2 2cOtot^l.Ott> 

'C^9 0 1 fcfiMfificg 3 0^0M'C.^9 0 2(±, mMti^-ttVZ 

[0 0 1 53 2. -i^'Ji^ynMi:. #Mfai^y 3>-(cJt 
[00 1 63 *%Ba<oaB1»±. C10«^ra@jSS:j»8iiL 
[00 173 

[illS5:fl?^-r-S.^^4^«O^S] ±.i^^mm:mk-thfz 



■th, h-i^^y^y^j yy(r>mmm^i: (Dmiz-rt 

[00 183 c:<7)^fiiBgfc»-:fv^r , iaT<o*n# J: 0 

mi^m^j:mm^mx'h^. ±ib^«^t«^ itneh 

•ri.di:tctO. ffitft^s^^^tcfatOtSWnrt^i:^ 
s . 1 — i^a yxy ij yy<r>i^ tix<rmdp't^t^WiVi^<r> 
«'i:^**-gcUTv%^v^i:. wim<r>tk^r)^mz^-> 

[00 1 93 ASWtcJi. mieh-i^3 vxr y y^^co 

{i . *aco U 3 ^^^^H^B . *^H=5: ir^mM^aW^^ 
[0 0 20 3 45t. ( 1 00) i^UriySSj&Jfflv^/i,^ 

X. h-i^Byxy^jy^tm^ioo) i^^J-^iyW^ 
<7)S:6-ttx.y^i-i?-C«§n-C. -?-<0i'hffi5:B-r-i>iS 

(10 0) wmizfi-thmmp^ ( 1 1 1 ) tiT'^>^« 
t::-e#i>. -coi^. m%iwm.\^>.mmmzm-isihh- 

3 yXTU >i/cO#»tSgI5c7)^'h®2:H-r-g. (10 0) 

mmi<zn-thm t . (Ill) ffiT'S) •g>«KT'§ h . 

(Ill) ffi{4l§«Sao?t^»*H:m$ttSOT\ 

m^ixtzY-iyByxy^}yyim.mi-m^^ij<r>tts: 
^.mz. Y-i^By^y*)yifcr)i'^»w^^<7mi^ 

(111) ^ffifc-mtdf, :i:i^(r>m-^m^ifitmix% 
X. v-i^Byxy^}y-/(mw&im^hixh. 

[00213 t.tz. i^va y^k'(r>^m^mm.iim^'>^ 
ix.x. I — i^a yxy 'J y^am'^m.^^cDicp-RiE 

im-t^mt>m^m^mmmb z cr>mizfctt?>mmm^ 

[00223 lHllKmji?^^-C'* 0 . fioHSWtMT'Sr 

-iyByxy^)yy<r>WSmmktLX\i. x^^^, + 
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(112 2 ( a ) #BS) , n^&^fz 

(02 2(b) #BS) ^i:<50J^*iS>^, 
10 0 2 3] mtih-i^ a yxyvyi^cr,^^ (M.m^ 

[ 0 0 2 4 ] i^nmrnt^commt Lxa. mmm 

Lxm'&mzvi^mmM<r>m'o^zmm^Mz^^ixx\.^ 
\i^m<D^mm^zm?n^tix\.^hi}\ sii)<^s*>'^^!g« 

X'^h, 

[0025] flfi^v-f ^'a«Jt#c<0}^®fc LTJi. MIS 

msLiizn Lxmmnzvii,Wi.^mm<r>m *) ^zwm^^^z^ 

^^ixx\^hmm^um^^ . 2oos«j#:*iAn^^ 

{f. 3^t:xt<mmfiifiMi=mi,z^m^ixfmm%>m 
ntf 9 omMc^n&x'h-^x i, i 

[0026] S^Sr-SflfecOV-f ^'ofiUtftciOJI^Sgi: LT 

^x^^ixx\.^:hjmi:>^K)mh. muf. \mm^ 
«a<?)Si«i«c& b->'3 vxru yy^if^^'txim. 
m^'^mcnmmwxi^^. mm<D±mm.<r>wmw^ h- 
3 yxT^j y-s^^it^^Mxm&nzm^f. ^tn^ 3o 

<^y-?-^ ■^umm.mi. Y—yayxy^)yyifi^ 

mi,zmm.^mcommimktmmmm^x'$> o , k-om 
mmizm'^^j:m^s&^(7)mi^-^i:>'^x'm^^ti. mm^ 

^tLX\,^^^tizm^tit$i'o . 't<mmnim^izm\^x 

[ 0 0 2 7 ] stc, iMmmj^im^-t^tztbco^^m 

<r>i»<7)f:mmx^x. mm. mmMm<^^^i:ms^ 

hh, ^(OMii^mbLXlt. #^T8- 14 5 7 1 7. 
!|fra2 0 00-6 5 6 64. !|tra2 0 0 0 - 2 9 2 4 3 



[0028] ±IB^Ii;^(?:»^-f ^/-i6c7)*|%Bg 

b. ms«j#:S:i!rias«tcMLTfflMWfciBtirriiE 

HSnrt. Mn^nr (!i;^jatttf*:TBfig§nf^o 
■rs ) immi-^^^j\^b . mimmmzm-^^titz^ 
m^T («:jatt*^v^{i?afi8ttflc<^*AiS5T«$^x 
fz*)-r^. m^x'immmitm^'o . mmx-it. mm 
itt^<7)mmiimt -^xa ^-r. mm^Tizm^ij^^-t 
s mi.zim^mm(^mM^^hmm&i^<7)mmm<^mr 
ij[^izm^\^y^^mmi^im3\^tihmmtif)m:L*). 
mm'mmzii^tii}-mm^ti^<r)i,zMLx . tmx 

[0029] sgfc. ±ieraS^S:»g^-r-l>/cA602|s:|^Bj 

i^^mEL^znLximmzmm-thmm^^b. mm 

T'{±locOb'-A«:«IS<7)b'-^ (Eltffst) i: LTMl*l 

•t^ZbhX'^^. 

[0030] mtz. ±iimmjki:mm-i>i::»b<r>:^^m 

[0031] miz. ±ummj^i:m^-t^tiibco:$:^m 
(7)^-f ummi^<^mm.-^±. ( i o o ) v u 3 

^iiS:Buia«ii?i*fc h-i^3 >xr'j yi>^<nmmi,zmt 
XJ^^--yyi'hxmb. HirlB ( 1 00) i^v^iym 

[0032] RtC. ±iBraaii$:»^-r-l./iV)C?)3|s:%H^ 

<r>mnm5i.(7mm(>z'7x-!^mi:^m'ti>iMb. m§m 
mco-^x-^m^msimm^b h-y b y^yv y^com 
m^zmtx^-<:$'--yy-t^j:mb . mmmmm^tT- 
® cfc 0 1 cp-R I t' ^ ffl V aiijg 0 X -y ^ > ^-r -g, xs 
b. m§dmmmLi:mmi*)icp-mE^b'^m\'^x$m 

[0033] ^ti^<r>'?-( ^ammt^cr,m^^mzi3\,^ 

X. 1inBh-i^3>':^rU>'^c7)^gSSrS<^:^14xy 
[0034] 
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(a) l,tX^^<r>^fmmki7TiLX\^i,. ( b ) Ji. 
(a) iOX^:|^i7)^ftjg3&\ W^COm^^^A. B. C 

ixrv%^ii:^^LTV>S. -eLT. ( c ) {±, (b) 

CO 0 3 53 h-i^3yxr'j>-^^tfOK)T®J^^c:o« 
iz-Th :ibX\ I — 3 yxru v^(r>iA ti^<7)>^^^t^<?> 
0 0 {c:Jtfi?e<)fe t-ix^-r < X . i3 ti^^OW^^^I«€r^-r 
8(c) \.zm-i.o^zW^ts:m^U%<rimi^m^'^'t\^ 

-H^ifi^M\^x\^htdt>. ^(nyi^i,zm(r)^mmm-^ 
xhh. 

[ 0 0 3 6 3 $ A> h->- 3 ^-xr v^emm^-^ 
T'^s. #*saMf4i:L-r{i, K^<r>m-^x'mmmz 

[00373 

1 0 0 3 a 3 {±. ^mmmmm i cov 

^^m\^x^Lfzmxhh. msa. e i c7)fl38Ff iHi o 

6 IciJ tt 5 y 3 120coiifffiiSr^LTV^ 

[00393 HMfiFiJ 1 (n-^-i ^ n^^^\.zii\yz . ;{f 
7X*M1 1 0{C{±. [Mi;^gPl 1 2*i?f^$ttTV^|,. 
mt-^X 1 2i7)jggB(c{i. -McOiBlSmflil 14,11 
6tij:y^Hftft4^i05 5-3?;i^l 3 2*«EM$nTV^ 
-1.. 5 5-3d^a51 3 2{i, ■5rtgT$)it(f. «l<LTt 



•^z^-yy^izxo. h-i^svxryy^i 2 2, 

1 2 4i:59-l 30**, — fitct:j^*$ilTV^4. ^ 

mm<7ymiX'hh h-i^ 3 >'xr u 2 2 , 124 

c:<^?g^^{i, E3i:')B^i?>*>=5rJ:?lc, 4o<^p«j^| 

[00403 59-130 Ji. ^ucommiizyt<^^m 

^(D^'oizmm^mi,z^^iix\,^t. ^bx. i^v 
3 ys^f^^ms. 1 2 0 {i, 55-130 *^iEi!>i:is 1 1 

4,116 i:HJfS<7)SPi2:«-OJ: dfc;y7Xa«l 1 0 . 

±i>zmms^tix\'^h. ] — i^ByxTUy^i 2 
2, 12 4 ^;Rjtttc?a-:>?">:"5_7 - 13 0 O TBtiS^ 

mm(om'ox'$.y-i 3 0i}mw^miz^'^x\^^. 
[ 0 0 4 1 3 y n ym^^^Mm 1 2 o {i, vM^mzm 

tte^tlTV^S, fJ!oT, fgiSmSil 1 4, 116tc3cS 
tcttES:E13jirr^3fC', 5 7-1 3 0l:»m?ttS:f^ 
ffl$-^T±Kfil»jWc7)[H]K)tc5 5-l 3 0^Si!i$-^S 

imd^LttX'^^. ^:<7)m^li: mjWSk(^i^h*)iz 
«^5SriSa LT 5 9 - 1 3 0 cOT®t:i!^14W15f<?5* 

[00423 ±Rmsf^^<^immiz-^^^x ,metm 

T^fflV^T, JilTtCpt<^^S. me (a) - (g) 

imi<^mmmioeiz}nfhmmt:mL. n? (a) 

~ ( e ) Ji, 02c7)«3Bfi^l 0 9{ci3(t^BfMS:^LT 

[0 04 3 3 ^fe-r, ia6tc?&oTi^y3>'#ie^f«ii 
1. '>v^yMm^mw.i2o<Dmmi>z^ vx^Jiis 

y rj ) ^fig^-T S , y n ymifSa^ajS^K 1 2 0 
ti, (10 0) »K$rfiEffl-rs, -eLT, 7=rhyy:>^ 

vx^'Jii 5 0<oj^^-~yy^^d 

(a) , ^W\-;?--yj5''tc:fi6ffl-rSvx^yN-^'->'Sr 

ry>^i2 2, i24ts.y-i 3 0(^9m(>zm'yx 

WaCOHiSrW-r&MPgf 1 9 1 tmm^tiXii 0 , t Jt, 
oTWgOilSSrW-rSISPaJl 9 0*«J^fiit$ixTV^I., 

[00443 2. KOH«oj:d^r;i':* y^-cfci>S:^ 

ttx-y^>':J^^?g5rfflV^T, y 3 ym^a^n^S 1 2 0 

y^/ti, (10 0) ®T:'32<it^^, (111) ffiT'S< 

g|5*^$^<^|.«ta{Cjl^t-r§ (b) . 
[00453 3. Wg<^i|i$rWt-i.BHPSPl 90tC±>V^T 
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s« 1 2 0 s-ma-rs t-cx •/ ^ v^^jijjji^rts 

(c ) . I15tc^-r<k3{c. (1 1 1 ) fflJi. (10 
OffitcSttT, 54. vmcoA^i^-thtzib. mu 
gP<?)itiwi:V««Og|l$d<J0M^{i. d=w/2 • tan54.7* f 
ftl.. til!-5T. d^T'ti, Wg <;2Vtan54.7- . >:2t 
/tan54.7' cOK^^DllTt LTV%S, ::ZX\ tii'^Ua 

[0 04 6] 4. ^PSPl 9 l<7)±T*»^.c05^3!>«SiiL. 

(0 04715. ( 1 1 1 ) BtcfiML-C. x-yf-i^:?^ 
*^xh y7fi). c:<5Di:# h-i^gyxryy^^i 2 

2. 1 2 4<7)IBfBti:X#:?^Cc^r5. ( f ) . 133*:^^ 

mz. ^<^x'^mm<r)m^<r>m<D^^\iKx\ mttx- 
hh. (Ill) mitmmmK-^mi^tHzmm. 

^1 22, 1 2 4immLm^^i><r>t^6. mz. ±m 

2, 1 2 4<7)nimU'ii-cr)Vmcom (02 (a) tcl 2 
2 a. 124a-C5^-r) t02 ( b ) tCSK-fck 5 (1 

1 1 ) mmb^j:t(DX\ ^Z^<7)j:5:fjM^tmmx^ 
X. h-i^ ay XT Oy:/(r>immmib. S^-Ojt 

m\^ni:±^<X'^i>. ' 
[0048] 6 . ±i5M:^ttx -y ^^'^•f^. 

->'ByxrVy:^(DM^coM^A<LXi,J:\^. 

[0 0 4 91 7. <j:fc. v;^^Jgi sos-^-ra. 
(g) . 

[00 50] m^-^X. mHZl&':>Xy(f=5XmWil l 0« 

1 . ^^xmmi 1 o<7)iaiMic^x^® 1 5 1 (ui^'x 

h^) ^B^-tl. ( a ) . 

[0051] 2 . 151 - i^jZ-fS 

(b) . HAtt«OS7-3tKfgl513 2i:|]!]^gPl 12 
*^X.y^>'^■r'J^^$i^S«^C>'^•:^'-::l>'r-ri.. 

[0 0 521 3. [Hl^^gSl 1 2c7)gil$*^2 5;umC^S 
iptc;. x-yf-yjr^r^Td (c) . Zcob^. EM^^ 
eOi^-^^13 2imm^tlh, 

[0 0 5 31 4. VX^Sl 5 1$:K^L. Dfl^^gPl 1 

2 lC0f^cD>'N':J'->'<7)|glMI«i 114. 116 ^^^f 
i> (d) , 

[00 541 5. mtCS^^id^'^'f ^nitHi^flcO 
m^K^^ J: d {c , U rj 1 2 0 9X 

«fill 1 0 $r«-^-r& ( e ) , 



[00551 JiLhOi ^ iz. 3|s:||ifiCajcoS5!3t:^tCJ:n 
{f. M*ttx.y-fy^^2:lJ^d^W. X^J^Bfffi 
$:*-r'S.h-^-3>'Xr';>'j^l 2 2. 1 2 4S-S8jt-r 

2 2 ( 1 2 4 ) {i. ifrffi~<^:®^:->>'h J*^''^$V^SlJ 

tti. ^<7)mmmmm^\simmiijmk^j:(7)x\ mm^^^z 

(00561 :*:||MMt;:J;tLt?. M^^^yVayt: h- 

i^ayxTvyycDrnMizmm-rtztx'. ^vi^va 
yizit^x. i K)mtii,z< < . J; K)Amtti^-^mx\ ^ 
mm Lti b # i,zimmm<±^ < x:tvu=jf-?»$oi§ 
mm^^mi}<iz^^'7-( ^ammt^^mmx'^ 

(00571 ^tz. mmLfzb^izh-^'Byxr^jy 
ycrimi.zmm:-}jmi.zwmuz<\.\<r>x\ «^3&<i§i^v 

<o^:&& Srffl >/ ^ !> c: t r . )mffim^\>z y.^m^crm 
[00581 immm 2 1 0 9 . ^wmmm\ 2 ojp 
xmLtrnx-hh. tfz. mi nt. m9<r,tmm2o 

eiZHif^Mm^i^V aymWi2 2 OcTDiffflSr^LTV^ 

[00591 *ii]!i6Mc7)jnaK-b y-9-tfcv->T . mm 

mS.2 1 0 mgP2 1 2ti^m^^tlX^'^t, Dfl^ 

gP2 1 2<7)isgpic:{i^ai«@2 1 6mm^tix\>^^, 

>'U3>'^«2 2 0tCJi. — *f(?!)I — i'a^xr'JiX^^ 
2 2 2. 2 24 b-^m^m2 3 0 — «stcm$ixT 

v^s, ^mmcrmmxh^h->'ayxyuy^22 

2. 2 24Ji:. 01 1 J: 0;Jh&>4 i-Dti. -ett-fix. Br 

mjm^^+^mmz^-oXi^^h. ztm. 4o<7)i^^*« 

2 7 0' . 8oc7)rt:ft7&<9 0° ^ 1 2 :ftJg8fr®f Jb 0 . 
^-rv^:6•i6I*«3£il (^^^{490]^) J: 3 fclSa^ 

[0 06 0] ^Il6a5*?2 3 0{4. h-i^ayxruy^ 

2 2 2. 2 2 4t;iJ;0-5-«O:R#<O@0tC«»i*C^ 
$^T.TV^I.. -etT, 5^U3y#i^fB?ifl^2 2 0(4. «l 
ai«e2 1 6 tm^coSB^rft-Oj; t^14S;K2 1 

0 ±izi!msm:^tix a o . m5ne*rt«tt!!$ ^tr v . 

[0061] iJLhcolS^fcJav^T . >; n :^m^^BfS« 

2 2 0 Lxmrn^yrmzimmi^ipm-t^ b . btiii 
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g5«2 3 0(Cltffi:»J*^#fflL. -^m^m2 3 Oti, h- 

m-h, "5i«igp*t2 3o*iiii!i6^fi[-rsts i^aimfii2 
1 6 i:osEM*^^-ft-rs^a6, ^Ma5«2 3 0 ttktum 

«i 2 1 6 i: £^ U 3 y#iSH^B^« 2 2 0 0[g£7)|fs^§4^ 

[0062] titigfc, «!ajllfii2 1 6 tUBESrEpjOt- 

^ i: . '^mun2 3 0 t:g?aim«§2 1 6 (mt,z^m3\:h 
ifi^mL. ^»g|5**2 3 0{±h-i^3^xr'J>':?^2 2 
2. 2 24<7);R||fi«o|lI'5(CfillH-&, otO. ^St«?lJ 

[0063] ±mm^^y^<r>^mz-:>\.^x . m i 

2i:lll 3i&fflV->T, JJlTtCpt<a^S, 01 2 
(a) ~{f ) {4l29<7)-l3JBTlR2 0 6tcjo(t-?.8ffM$r^ 
t , 01 3 ( a ) ~ ( e ) {±01 0 c7)«J8lfi||l2 0 9 tCfc 

[0064]5fe-f, 01 2t::m-oT#|ga>'y3>'^ 

2 2 0«0*DI&5r^^l., 

1. >'y3>'^2 2 0<7)MStc:. vx^JI2 5 0 

0 'J 3 >^ 2 2 0 5r X .y ^ y j/T-mt- § ^ i 3 
>'\°^'-->7'Sr7:l-Nyyi5''77-{^Ti=f3 (a) . 

U 3 ^^2 2 0 isTfltabilW. U n VT' 

[0 0 6 5] 2. ICP-RIE<7)J;d=5r^«0x/^>'^-a 
SrfflV-'T, 4-^Jg:K<7)h-i^H::/;^rU Vi/2 2 2. 2 
2 4 i; nlWgPW 2 3 0 fcl^moi^ U 3>^giJ:a-$: 
MMiO-^Ogg^tT'SEx-y^y^^fi^o (b) . 

^<ogg§<±. mmiiH-^mk<^ h-S^ a >^7-U >^2 

2 2. 2 2A<r>Wm<^W^^mM-t^i,cr>X'hh {Z 

0^1^222. 2 24 (^mmu<7)m^imcomi^^x 

[0 0 6 6] 3. vx^'iS2 5 0 2:^L7t^fc. mtz 
^vx^7Ji2 5 1 ^IKML. ''N';J'-->'^2:fi=3 
(c) . 

4. Hl/f, lCP-RlEOJ:d^x-/^y^^-^5rMv->T, S 
Kx«yf-y7'5rffo. S-r. x y^yir{±0ttinFB3&»^ 
^tV\ 2. Xi^'^fz^n<7)m^ti^i^^}a-yWS.22 0<r> 
J¥^4"5^tC3t1-^t-Cff3 (d) . 

5. ^S(±. 2. T«o^:«HIWvU3>'^2 2 0S: 
Kii-r S ^■C0tt'±B*>/c>Sii[x .y f->'7'$:tT d 

(e) , 

6 . ftf^tc, VX:?«2 5 1 S-^-ri. ( f ) . 

[ 0 0 6 7 ] ijCtc:. 013tC?»-3T«ei!*1^«2 1OO 

1 - iffiSH4««i2 1 o<7mm\,z^x^m2 5 2 < kj^'x 



V^) ^fiSffi-r-S ( a ) . 

[0068] 2 . 01 OiZTTcti: 3 =6rJ^®<0*a»tt»« 
2 1 0^x-y^>'^TjeBg-C#-l)a:dlCVX^Ji2 5 2 
^f^^--yy-r^ (b) . .; 

[00 6 9] 3. lH*a52 1 2(?Dg|i§*«l SjumJC^r^ 
iolc. X y^y^Sr^tVV ia;^^g|52 1 2S:0fi!tf 2. 

(c) . 

[0070] 4. -7X^a2 5 2$r^*L, [Hl^^gB2 1 
2fc«iaj««i2 1 6 SrgSJif^ifTjeiSt- i. ( d ) . 

[007 1 ] 5 . 09 tc^K-f- J: 3 ^iFDSig-fe 
tc:^I.J:dtc. >''J3>'»K2 2 Ofc;>5r5x*«2 l 0 
( e ) . 

[0072] :i^mm<r>^X'hhm l l J: 3 '5:+* 

mz-t^ZtX. ^mLtct%l,z. <atii«0W(cSiS'5r 

[ 0 0 7 3 ] ^ fvT . MmMii^ V 3 y Sr*«{:i!effl LJt .1 
t X\ J V- y rj yi:Jt^T«M6<J=5:Q<S*-':^# v ^ v-f 

[ 0 0 7 4 ] t/c. 2ts:|IM0lJfc iixJf . jS»jB*lCpHJ)gl5 
MJg*<ltV^v-f :;'DT^f-iX-^Sr||31-e#, ta!5|5i: 
izmmi:±^ <-t^Zb J&J-C^ . * f^: . x*;Wif-^^ 

C0iSV^-7-f ^'nTi?^j.X-;J'^^T'?=.|>, 
[ 0 0 7 5 ] Sic. ^t^HMWc ititf, it«SW^atC3(s: 

[0076] (^l*fia|3)0i 4{±. ^^cr>^m3<r> 

^^%m\^^imm-thtz)f>cr>mwm^7^L.x\^ 
^.0i5i:0i6{±. ^ix^tiimmhmmmxh 

4. 016ttJl'kT«, :5i-*»'9-^-r<-rSJtWc;. 
r7>-mfg^B^3 2 0c7)-g5$rfl]»fL.T^LTV^^, 0 

mm'&m.m-thtzitxT)^ 01 4c7)^iif^3 0 6{ciD(t& 

i; a ymiSS^ 3 2 0 cOEBrfflSS:^ V ^ S . 
[0077] *^S6^covf :7n3\yi(*lf§fcfcV^T, 
•J ay^jg^^S 2 0{C{±. >'N';P;? uvi^xy 
^ftWtCiO. h-v'3y;<.ry>'^3 2 8. 3 2 9i; 
5 7-33 OA*. -^tCJg^SixTV'.S, 55-330 

^ixx^^h, :iFmm<7)^xh%>Y-=^Byxy^)y 

^3 28. 3 2 9t±. 01 7cOlSiffi0tC^J:3tC, W 
2 7 0° , 8o<7)|^:ft*<9 0' <01 2«?^T'?>0. 016 
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v^:trf6]*^^ (9 0JS) -ThJud^zmm^tix^^h 

[0078] S 7-3 3 OJi, «MC5t(OR*f^iOlSV^ 
3 2 8. 3 2 9t;J:0'?-<O««lTJ>«.*at.'5TO<O|lI0tc 

[0 0 7 91 :ff'^xmWi3 4 0CO±Ui. Hi 5T'^f 
J^<0«:iiSttf*5W15t3!)>^>^ri.H^3r 3 4 2*iKM$a 
TtJO, .l£7)@^3T3 4 2 2r3^;U3 4 5*>'ig(lILr 
v^S, -etT. >'U3>'*i^^^«3 2 0i:;<^5X»K 
340Ji. -s!WJ^T3 4 1bm^^T3 4 2cr)im^fT 

-ttch-h. S9-3 3 0*<fi§ffirr-Si:#(C, ■T^t'o 

(^i&3r3 4 1*«. llS3T3 4 2T^t^SSt^S: 

mhmm) ^^-fb-r^atc^oxv^s, ■5r»)rjr3 4 

1 i:.ll^rfr3 4 2T'2-:>OHI5tSr-ii-tfKt7til:?fJ®EM 

[ 0 0 8 0 ] 0 1 8 im\^x . ^mmm<^^\p\^cr,m 

3r3 4 2*ilia§tx.l.. ill8T'(i. I1^3r3 4 2 

(Tym^^wmwrniz. umi}^sm\,zmm^tix\^i>m 

leoa^ osSA^'Jit^i^n ( m^^rs 4 2T'I6± L;t 

. ip*>lli 8<7)^En<7):^isjic 

?l#«-(t'oixl.o ^llJ3T3 4 1i:lI^3T3 4 2(±, 
Hie tc*t-<k ^ tc. ±iEMlt)®OS:5r OK«*^iiJaT' 

# hmi,z0mmmziim^tm^j:h^x'W!.s^iix\>^ 

^COX. I — V;?.7'U>'^^3 2 8. 3 2 9<OllI0fc 
£lHl'5cOIlHg^-;'<yh*iit-?.. 5 5-3 3 00^ 
J3^l--&*>Hi:-C3>f ;P3 4 5-^oamS:0N/0 F F 
fSi:. 55-3 30**h-i^3>';<.TU>'^3 28. 
3 2 9<Oll!0l=^*f8S:)e::-^-. i<0;K!K-CS5-3 3 0 

[0081] *3fcffi|6l«<Of«?:fr^S:SiBB-t4 . 

^-f. 019S:fflV^-C. i^'Jr?y^^^B$S«3 2 0tfOjP 

. i:r«^iKHa-f s . E^'^tffliti .014 cmmm 3 0 6 
iztsifmmmxh 0 . *ffl!i{±. •i3JBri^3 0 9tct5«t^ 

[ 0 0 8 2 ] 1 . 5fe-f . 1/ 'J 3 ^-^i^H^Bjl^S 2 0 <0>i 

[00 83] 2. m^mmseoco^iz^ jpnui^'xh 

Ji36 1 (0IJ£{i\ MicroChemttSSU-8) Sr^M 
L. 7=»-h'jy2/97'f^T^i63r34 IJ^J^fflcO 
.'\-:J'-->'^S:^Ta (b) . 

[0084] 3. «:58e*Ji3 6 2^S^^3 6 0<O 

'y^T'^-rS ( c ) , 
[ 0 0 8 5 ] 4 . SMU-i^'X hii 3 6 1 &t;«m«SJl 3 



6 0 trKHSfs ( d ) . mmimms e 2<oTioam® 

Ji3 6 0(i-5-<^)^ilSS. 

[0086] 5. v-U3y#MB^HaPK3 2 0c0iai®tC;. 
VX^'J13 5 0 (PJi.{f. Ui^'Xh^) 2r«Kb. 01 
4t=^J^®(?)#«ga^3 2 om^ffiJ^^--:^'^ 
^7 ^ h 'J y ^5:7 ^ S^iT-lTO ( e ) , 

[0 087] 6. ICP-RIEcOia^X-y-^Vi^StrfflV^ 

(f ) . <IiOgil§{4. ISrBJi'JHi^ej^iOh-xgi'Xr 
Ui^^328. 329 <^4'ffcc7)ie<gg5c7)l|[$ ^^^f* 

7. VX^e3 5 0€rl^t. ff^^VX^'S3 5 1S- 

[0 0 88] 8. ICP-RIEOj;a^X y^i^^'-«S$-|3V'i 

*>8iiv^spfii3&«i^ u n ym^^mm. 320 

tt-lra (h) . 

[0 08 9] 9. Sfc. ICP-RIEcOJ:d^x«yf-y^& 
S-fflv^T. ±ffiJ:OSl:x./f-:^^$-fi=a. x-yf-v^ 

{±. «i>ggi^§pej!)>'>' i; 3>'#iiiS^??)K3 2 0 s-sii-f 

l)t-CiT3 ( i ) , h-i/g y:^:rui^^''3 2 8. 3 2 
90gS:Ji>-C{S. H^?^*ec7)h-x 3 >-xr'j y^^3 2 

8. 3 2 9<m^cr>W.^(r>Smm^mLtzmX'iLh, H 

^J^coh-v3 y;^ru>-^3 2 8. 3 2 9co^w<?:) 

{immz\tm^^<;^m^tmL\<^) ji-?^ 
^'Ji 3 5 1 <o±Tisra<o— ittfo;?. h 5^ '7°m<r>mxm^ 

1 0 . m.mz. •7x^m3 5 1 sr^-r-s. ( j ) . 

[0090] <J:lc. S2 0$rfflV'>-C. ;<f5xa;K3 4 0 

nUL-nm^wmth . 02 oti. hi 4<?D«jBfS83 0 

7lcij{tl.BTSiaT'J)S. 

[0091] 1 . :fj'^XW^3 4 0 O^^ffitcamfii^ 3 

7 0^^-ri. (a) . 

2 . am«iJi3 7 0<7)±tc;|C|R^i/;^ hJi3 7 l SrSgJlg 

t. mm.^^ }V3 A2mwiM(^^^9'-~yy^^o 

(b) . 

3. amffiii3 7 0«0±tc. n-f ;l'3 4 5<75TiaiSJS3 
7 2 ^«»?^ ■y^T-Jj^M-r^ < c ) , 

4 . TIE^a 3 7 2SP:M-i.m<7)JP)l^i^'A h Ji 3 7 1 1 
a«ffi«3 7 0$:^-r-|. (d) . 

5. Tiei8Ji3 7 2<0±tC. feiSiii3 7 3$-^L. M 
fflflg|5<7)i^a3 8 2. 3S3m^m<r>f^^--y-^t:'^ 
3(e). 

[009216. *eiMlbJi373<0±fc:. «mfigJi374 
^^-th ( f ) , 

.7. amSB«3 7 4c7)±tci¥igP>''Xh«3 7 5$r^ 

L. m^^T3A2X'himim§LWm3 1 e tmm^(n> 
iEiiUi38 2. 3S3^mm^%hmf.zf^^--yif^ 

(g) , 

8. JlJ^^>'':^ba3 7 5c0^V^amfiiJi3 7 4i0gB4J- 
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9. ;¥MUi^'^hS3 7 5i:amfiiJl3 7 4SrK'.*t--& 
( i ) . 

10. Wt^f^gyf 3 7 7S:JSBgU, ±iEISUg3 8 0}gfig 

^i^3 7 7{i:MII!lgBOiaia®3 8 2, 3 8 3tfO]Igec^ 

[0 0 9 3] 11. mkm37 7cr,±iz. a®B6®3 7 
S^^M-rS (k) . 

1 2 . mmmm3 1 ^(ryiizwmy'jy^ vm3i9^WL 

IIL. ( 1 ) . C<?)>'\-:$'-r^y^^ 

T\ /ilKl^ h « 3 7 9 JiWfigPfiOiEilJl 3 8 2.3 
S 3 cOi'l-gpOElfco^^i^^^tlT V> !> . 
1 3 . 3 7 80±JC. ±iSiyUi 3 8 0 2r«iS^ 

(m) . 

14. *JKU>''XhJg3 7 9i;amfiiJi3 7 8 

^K^-f i. ( n ) . 

100 94] Sl4fc^-?-J:3=6:3K®(«flS«?) 
J^®tc=5rl.J;afc, S^yr7:^#iKS^3 2 0i:;>5r7X 
*«3 4 0S:^^-r-g.. 

[0095] 3|s:||]liCfiJcO!|tmT'*>^ , 12 1 7cOj: 3 ^rH 
i:^:^[n|fcliil»Lfc:<<^rl>^>:46. i^«*««<, i'l-at^ 

[0 0 96] (IISfi«?lj4)E2 1{4, iyft01J4<7«t^affi 

•r -f xru-'f S-i^H^-r-Sia-C'S)-!., X3tWrti]|g4 0 1 i: 
Y7iai(6]g|4 0 2«i, llifi0IJ3cO7fe«l6lSi:|Sl«Ot>CO 
ffti). =I>'Nn-74 0 9{±, X5fefilr6lS4 0 1 i: Y 
3l£{iftf]f54 0 2$:$fJfflItT. U— ^3^4 1 0 ^7X:J' 

■ [0097] *%BJ<7)5^(ti]f|^3t^SST xri/^ 
[00 98] 

^-rv^^ri«iA*^-rSJ:dtaEK$ix-C»/^.i.£0-r\ tat 
[0 0 9 9] iit. iS»L7ti:#tc. ia titOtttcSl: 



Sit5r:^ia] tflDS:»33!><± t ^ c: t iD^^K^fzib . ^^<d 
[01001 tti. *5&BJ^^i^^(^^ Sttt^i: 

[0101] mz. ^^^(^mjkijmirm^^hztT. 

[HfficOfSm^iJiBH] 

[01 ] ^^m(Dmmmi<7mm^mi:mm-ri>rziif>eo 

[03] ^MMlc7)3e«r&lS*i^HJi-|.;t:A6c^h-i^g 

[04 ] mmm i <7)ytmitimwim'ttiib<7yv-mmx' 

[06] ^56M 1 cO^m^^cT) 'J 3 >'#ifea^60f^ 

ssrn-fex ^SiB^-r-i. mx'hh. 
:^^mmti>mx'hh> 

[08 ] ^^^agcof^fflf-SiBg-tS fv:46K g >'Xr 
[09 ] *^Bjo||J6M20jDa[«-by9-^ijiBj-f .g,^^ 
[010] ^Sfe0ij2<7>JliiSig-feV9-S:^B3-f SJti^cO* 

wmx$>h. 

[011] ^0iJ2«7DlP3lS-b>'if2-^Bff- 

[012] ^gsj 2 <J5 joaiLK-fe yHfcoi^ ij 3 >m^aat 
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mi 31 m(im2<7^iumm-b>^<7>y!f'^xmR<7iim 
[014] 2is^HBcoiiifi«?iJ3 <03S^inis^iJiBa-rsff« 
[01 5] iiiec^3<o5t(ii6js^siBj-r-&±®s-c* 

[016] ISSfiM3c7)3tii|6jfiW^t-|.-^8lTt^c 
[01 7] m&m3<^^m^^h'-i^a>'XyOy^ 
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